Objective: To test adherence to blood glucose monitoring (BGM) as a mediator between diabetes-specific family conflict and glycemic control (hemoglobin A 1c [HbA 1c ] levels) for 1 year.
T YPE 1 DIABETES MELLITUS AFfects roughly 2 of every 1000 children and adolescents in the United States, and the incidence is increasing.
1,2 Management involves frequent monitoring of blood glucose levels (ie, BGM) and adjustment and administration of insulin therapy multiple times per day, as well as careful attention to nutritional intake and exercise. Declining adherence to the diabetes management regimen is typical in adolescence, [3] [4] [5] [6] contributing to deteriorations in glycemic control 3, 7 and putting teenagers at increased risk for diabetes-specific complications. 8, 9 A number of individual factors are associated with these declines in adherence and control, such as physiological and cognitive changes, increasingly autonomous self-care, and spending more time away from home. 5, 10, 11 Family characteristics, such as continued parental involvement in management, less diabetesspecific family conflict, and ongoing support can buffer the impact of these risks and are linked with sustained adherence and less deterioration in glycemic control. 10, [12] [13] [14] [15] [16] [17] However, the longitudinal impact of family factors on adherence and glycemic control in adolescence has not been thoroughly examined.
A family variable that consistently emerges as a correlate of adolescent adherence and glycemic outcomes is diabetes-specific family conflict. 14, 15, 18 Increasing autonomy is typical of adolescence, 19 and parents tend to be less involved in diabetes management as their teenaged children are expected to take on increasing re-sponsibility. 20, 21 Conflicts can emerge as teenagers with diabetes and their parents negotiate transitions in how and by whom diabetes management tasks are completed. [20] [21] [22] Cross-sectional and intervention studies have linked higher levels of family conflict with less frequent BGM, a behavioral indicator of diabetes treatment adherence. 15, 18, [23] [24] [25] [26] There is an implicit assumption that a family environment characterized by conflict is a barrier to adolescent adherence, which contributes to poorer glycemic control. However, these links and the mechanisms by which family-level factors affect glycemic outcomes have not been tested over time. In the context of rapid developmental changes and the increased risks to diabetes-specific outcomes that are typical of adolescence, understanding the degree to which family-level factors may influence subsequent glycemic control and the mechanisms by which glycemic control is affected is critical for timely identification and intervention to ultimately improve health outcomes.
The aims of this study were to investigate the longitudinal and mediational associations between diabetesspecific family conflict, BGM adherence, and glycemic control as measured by hemoglobin A 1c (HbA 1c ) levels. First, drawing on previous data demonstrating a strong association between conflict and glycemic control, 14, 16, 24 we hypothesized that adolescent-and parent-rated family conflict would predict HbA 1c levels 1 year later. Second, given existing cross-sectional support for an indirect relationship between conflict and HbA 1c levels through adherence, 15, 18, 25 we also hypothesized that BGM frequency during the year would mediate the link between baseline conflict and 12-month HbA 1c levels.
METHODS

PARTICIPANTS
Participants were adolescents aged 13 to 18 years with type 1 diabetes mellitus (mean [SD] age, 15.5 [1.4] years) and a parent of each. Of the 166 families approached to participate in the study, 150 (90.4%) consented/assented and provided baseline data. Data were available from 147 participant dyads at 6 months (98.0% retention rate) and 145 at 12 months (96.7% retention rate). Missing data points were primarily attributable to our inability to make contact at follow-up. The sample was 51.3% female, largely white (86.0%), from 2-parent families (74.7%), and covered by private insurance (84.7%). Most of the parents (84.7%) were mothers and nearly one-half (46.7%) had earned a college degree or beyond. At baseline, the mean (SD) duration of diabetes was 6.0 (3.9) years, mean (SD) HbA 1c level was 8.8% (1.9%) (to convert HbA 1c levels to a proportion of total Hb, multiply by 0.01), and most (63.3%) were receiving continuous subcutaneous insulin infusion (CSII).
PROCEDURE
Eligibility criteria included adolescents presently receiving multidisciplinary diabetes care at a tertiary pediatric medical center, diagnosis of type 1 diabetes mellitus, fluency in English, and the absence of a severe psychiatric, neurocognitive, or other serious chronic medical condition that would interfere with the ability to participate. A trained research assistant obtained written informed consent and assent and administered questionnaires at clinic visits. Data were collected in 3 waves, covering approximately 1 year (mean [SD] time to first follow-up from baseline, 7.0 [1.7] months; to second follow-up from baseline, 13.4 [2.3] months). Participants received $10 for their time and effort at each visit. The study was approved by the hospital's institutional review board.
MEASURES
Adolescents and caregivers rated diabetes-specific family conflict using the revised Diabetes Family Conflict Scale. 24 The Diabetes Family Conflict Scale assesses how frequently parents and adolescents argue about 19 tasks of diabetes management (eg, remembering to check blood glucose levels and increasing or decreasing the insulin dose depending on results). Possible scores range from 19 to 57, with higher scores reflecting more conflict. For this study, baseline Diabetes Family Conflict Scale scores were used as the independent variables. The mean (SD) adolescentreported score was 26.0 (4.8) (range, , and the caregiverreported score was 25.9 (5.4) (range, 19-57). These rates are similar to published reports in other convenience samples. 24 The Diabetes Family Conflict Scale has strong psychometric properties, 24 and internal consistency was adequate for both reporters in this sample (adolescents, ␣=0.80; caregivers, ␣=0.86).
The frequency of BGM was used as the indicator of adherence to the diabetes management regimen. Frequency of BGM was obtained through meter downloads at regular clinic visits, abstracted from the medical record at each time point, and averaged for the 14 days before each download. In this study, BGM frequency at 6 months was used as the hypothesized mediator. In the mediation analyses, BGM data were available from meter downloads for 62.8% of the sample. In the absence of more objective data, medical record reviews reflecting clinician review of meter data or frequency assessment based on clinic visit were available for 23.0% and self-report was available for 14.2%. There were no differences in BGM frequency (P=.46) or HbA 1c levels (P=.61) depending on the source of BGM frequency data.
The main outcome measure, HbA 1c level, was collected at regular diabetes clinic visits and abstracted from the medical record at each time point. Participants provided a sample of blood for HbA 1c level determination, measured by a commercially available analyzer (DCAϩ 2000; Bayer Inc, Tarrytown, New York) (reference range, 4.3%-5.7%). For this study, 12-month HbA 1c level was used as the dependent variable.
Sociodemographic data (eg, adolescent age, sex, and ethnicity; caregiver marital status, sex, and education; and insurance coverage) were reported by caregivers on a background form created for this study. Medical data (eg, illness duration, insulin regimen [injections vs CSII], and HbA 1c level) were verified through medical record review conducted by trained research assistants.
DATA ANALYTIC PLAN
Means, correlations, and analyses of variance were calculated to examine bivariate associations between key study variables (ie, diabetes-specific family conflict, BGM adherence, and HbA 1c levels). Mediation analyses were conducted using a series of multivariate general linear models in the Baron and Kenny 27 framework. All measured medical and sociodemographic variables (ie, adolescent age, sex, and ethnicity; caregiver marital status, sex, and education; illness duration; insulin regimen; HbA 1c levels; and insurance coverage) were included as covariates in each equation to account for the broader context in which the adolescents live and to examine their contributions to the outcomes. Two parallel models were tested using adolescentand parent-reported conflict. In the first step of the mediation model, baseline conflict and covariates were examined as pre-dictors of BGM frequency at 6 months. Conflict and covariates were then tested as predictors of HbA 1c levels at 12 months. In the final step of the model, baseline conflict, 6-month BGM adherence, and covariates were tested as predictors of 12-month HbA 1c level. We conducted the Sobel test to test for the significance of the mediation and performed post hoc probing to calculate the direct and indirect effects of the mediator. 28 
RESULTS
DESCRIPTIVE ANALYSES
Adolescent-and parent-reported diabetes-specific family conflict scores were significantly correlated with BGM frequency at baseline and at 6 months (r=−0. 20 
MEDIATION
Mediation analyses using adolescent report are summarized in predicted by more family conflict (␤=−0.08 [P=.01]). This ␤ coefficient indicates that a 12-point rise in diabetesspecific family conflict would result in a decrease of 1 blood glucose level check per day. Older age also predicted less frequent BGM (␤ = −0.32; P = .002). This step showed that conflict at baseline predicted the hypothesized mediator, BGM frequency at 6 months, which fulfills the first step of the mediation analysis.
The 27 showed that 6-month BGM frequency explained 24% of the variance in the association between baseline conflict and 12-month HbA 1c level.
When the mediation analysis was conducted a second time using parent-reported family conflict, the steps for testing mediation were met and partial mediation was 
COMMENT
Data show that family conflict around diabetes management during adolescence predicts glycemic control 1 year later, and BGM adherence is a mediator of this relationship. This study is, to our knowledge, the first to demonstrate a behavioral mechanism by which family-level factors affect diabetes health outcomes over time. This is consistent with findings from previous crosssectional and intervention studies that higher diabetesspecific family conflict is associated with poorer diabetes outcomes. 16, 18, 23, 24 The current study's findings extend previously published literature by (1) providing evidence of a longitudinal link between conflict and HbA 1c level and (2) highlighting a temporal order to this indirect effect through BGM adherence.
Given the important role of parents and the family environment in adolescent diabetes management, 13, 15, 20 families who argue more about diabetes and cooperate less in its management likely encounter more barriers to adhering to the multiple aspects of the diabetes regimen. For example, more parent-teen conflict about diabetes may interfere with parents' ability to monitor, collaborate with, and be involved in their adolescents' diabetes management, which is known to decrease adherence and selfcare rates and to have negative effects on glycemic control. 12, 13, 29 Adolescents from families in which there is a high level of conflict about diabetes may avoid diabetes care tasks to avoid conflict. They may also be less able to communicate effectively or solve adherence problems with their parents, which can have a detrimental effect on their ability to execute the tasks of diabetes care accurately and subsequently influence HbA 1c levels. 26, 30 In addition, conflict contributes to mood problems, which are known to detract from adherence and glycemic control. 24, 31 Results were similar but less robust for parentreported conflict: adherence partially mediated the association between diabetes-specific conflict and HbA 1c levels and accounted for a smaller percentage of the variance in glycemic control. The divergent results for the mediation analyses using adolescent-vs parent-rated diabetesspecific family conflict highlight the importance of adolescents' perspectives on the family environment in relation to diabetes regimen adherence and HbA 1c levels. These findings are consistent with previous research 32 demonstrating a stronger association between adolescent report of parent involvement and health outcomes compared with parent ratings. These findings suggest that, at this developmental stage, adolescents' perceptions of family functioning are increasingly important in contrast to parents' perspectives. As teens are more consistently involved in BGM than their parents, their experiences of barriers to adherence (eg, diabetes-specific conflict) appear to be particularly relevant to their execution of diabetes management tasks.
It is well established that adherence rates decrease as children and adolescents get older, 3, 4 and our results are similar. Although age was a significant covariate of adherence, it did not retain significance in the equations predicting HbA 1c levels, suggesting that other factors likely have a stronger direct association with biological outcomes. Specifically, medical factors, such as the mode of insulin administration, and family characteristics, such as caregiver marital status and diabetes-specific family conflict, were associated with later glycemic control. Consistent with previous research, 33 we found evidence of small positive links between CSII use and glycemic control in this sample. However, this link is likely bidirectional because patients with better glycemic control may be more likely to be treated with CSII. In addition, as has been found in a previous report, 17 unmarried caregiver marital status was associated with additional risk for higher HbA 1c levels. In single-parent households, caregivers may not be able to monitor their children's diabetes self-care behaviors as much, and there may be increased stress or burden of care that could contribute to glycemic outcomes. Because this was not the focus of the present study, confirmatory conclusions about the mechanisms by which family structure affects HbA 1c levels cannot be drawn and should be further examined.
The key implication of this study is that diabetesspecific family conflict has a lasting negative effect on BGM adherence and glycemic control in adolescence. Early identification and treatment of diabetes-specific family conflict are critical to prevent a trajectory of declining adherence and glycemic control across the teenage years. The ␤ coefficients in the mediation models indicated that BGM adherence had the largest influence on HbA 1c levels. Clinically meaningful changes in HbA 1c levels can be achieved through increased BGM frequency. One way to achieve clinically meaningful changes is to reduce diabetes-related family conflict, and it appears that a significant reduction in conflict is needed to affect BGM and glycemic control. There are a number of empirically supported prevention and intervention strategies that address family functioning and regimen adherence, including family-based coping and problem-solving programs. 23, 26, 34 These interventions have demonstrated improvements in adherence behaviors and glycemic control over time and have also been linked to improvements in the parent-adolescent relationship. 23, 26 The results of the present study dovetail with the findings of these treatment outcome studies and support ongoing investigation and dissemination of effective interventions to decrease family conflict about diabetes, support positive family interactions, enhance regimen adherence, and thus promote optimal health outcomes for adolescents with diabetes.
As with all clinical research, this study has limitations. The sample consisted primarily of white adolescents with married, educated parents; as such, our findings may not be representative of youth from diverse backgrounds who are managing diabetes. Given the significant findings regarding the link between the insulin administration method and HbA 1c levels, associations among family factors, adherence, and HbA 1c levels may also vary for youth who receive insulin through injections vs CSII. We did not include previous HbA 1c levels in the models because they account for a disproportionate degree of the variance in later HbA 1c levels and thus would preclude our ability to address clinically relevant questions regarding associations between family conflict and behavioral adherence. Finally, it is plausible that the causal pathway between diabetes-specific family conflict and HbA 1c levels may also occur in the reverse direction from the one tested herein (ie, higher HbA 1c levels lead to more family conflict about diabetes management). Exploratory analyses revealed that poorer glycemic control significantly predicted higher diabetesspecific family conflict (results not shown), and future examinations using more time points are planned to examine the bidirectionality of their influences over time.
The findings of this study raise a number of important questions to be investigated in future research. In light of the somewhat discrepant results for adolescentand caregiver-reported diabetes-specific conflict, the differences between parents' and adolescents' perceptions of conflict and the associations with important diabetes management processes (eg, family teamwork, communication, and autonomy) and outcomes (eg, adherence and HbA 1c levels) should be further investigated. 32 Findings would have implications for clinicians and researchers gathering data about the family environment from both parents and adolescents. Because families may argue about various aspects of diabetes management, 24 it may also be valuable to investigate the associations between diabetesspecific family conflict around direct (eg, remembering to check blood glucose levels and administering insulin) vs indirect (eg, ordering supplies and making appointments) management tasks and adherence and glycemic outcomes over time.
Adolescence is a period of increased risk for erratic adherence and poor glycemic control. 4, 6, 13, 25 These data demonstrate that the quality of family interactions plays an important role in how adolescents achieve and maintain glycemic control for at least 1 year and that the adolescent's adherence to the diabetes regimen is a key factor in the diabetes-related outcomes experienced. Results of this study support treatment efforts for both family relationships and regimen adherence to improve glycemic control in adolescents. 
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